Abstract
in the distal region of the colon.
114

Materials and methods
115
Mutant embryos
116
The Mlc1v-nLacZ-24 (hereafter Fgf10
LacZ/+ ) mouse line is bred on a mixed 117 background and has been previously described 
121
Offspring were genotyped as previously described (Mailleux et al., 2005) . The
122
total number of mutant embryos use in this study are: Fgf10 −/− (E10.5, n = 5;
123
E11.5, n = 5; E12.5, n = 4; E13.5, n = 6; E14.5, n = 5; E15.5, n = 10; E18.5, n = 8;
124
P0, n = 3), Fgf10 −/+ (E10.5, n = 10) and Fgf10 LacZ/− (E12.5, n = 8; E14.5, n = 7;
125
E15.5, n = 10; E18.5, n = 8; Po, n = 3).
126 Whole-mount in situ hybridization and LacZ staining Hnf-3β cDNA, a 642 b Shh cDNA, a 1.8 kb Ihh cDNA and a 1.5 kb full-length
134
Bmp4 cDNA. The whole-mount in situ hybridization protocol has been 135 described by Winnier et al. (1995) . LacZ expression on whole-mount colon was 136 monitored by β-galactosidase activity as described by Kelly et al. (1995) .
137
Proliferation analysis
138
Intraperitoneal injection of 0.2 ml Bromodeoxyuridine (BrdU, Amersham
139
Biosciences UK Limited) was given to pregnant female mice at E10.5. The mice 140 were sacrificed after 15 min. The colon was dissected from the embryo, 141 preserved in 4% PFA solution as described above and processed for paraffin 142 sectioning. Dissection and orientation of tissue were standardized to facilitate 143 identification of structures. The embedded specimens were sectioned at 5 μm.
144
The sections were then incubated with monoclonal anti-bromodeoxyuridine 
149
Cell death analysis 150
The "In Situ Cell Death Detection, Fluorescein" kit (TUNEL technology,
151
from Roche Applied Science) for detection and quantification of apoptosis was 152 used per manufacturer protocol on 5 μm paraffin sections of E10. the colon has elongated significantly (Fig. 3C) . In Fgf10
271 embryos, the epithelium of the small intestine appears normal, 272 while the formation of the cecum is arrested as previously 273 reported (Burns et al., 2004) . The epithelium is absent in two 274 discrete regions, one located in the proximal region of the colon, 275 and one located in the distal region of the colon (Fig. 3D ). At this 276 stage, the colonic mesenchyme is still visible in the mutant 277 colon. At E12.5, the wild type colon continues to enlarge and 278 elongate and the epithelium strongly expresses Hnf3β (Fig. 3E) .
279
By contrast, the distal colonic epithelium of the Fgf10 null type. There is also an interruption of the continuity of the 282 mesenchyme (arrow "a" in Fig. 3F ). At E14.5, the colon of the 
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Fgf10
−/− mutant is very short (Fig. 3H ) compared to the wild 284 type (Fig. 3G ). At E18.5, the colon of the Fgf10 −/− mutant is 285 almost completely absent. A small pouch adjacent to the cecum 286 is representative of the residual colon (Fig. 3J ), while the wild 287 type colon continues to elongate (Fig. 3I) . We conclude that 288 absence of Fgf10 signaling in the developing GI tract con-289 sistently leads to an atresia of the colon from very early 290 developmental stages onwards.
291 FGF10 is required for survival and proliferation of epithelial 292 progenitor cells in the colon
293
In order to study the biological processes underlying the 294 appearance of colonic atresias in the Fgf10 null embryos, we 295 determined cell proliferation and apoptosis in wild type, 
310
The apoptotic index increases with decreased Fgf10 levels is expressed at low levels in the epithelium at E12.5. At E14.5 and E18.5, FGFR1 staining is present in the epithelium and the mesenchyme with stronger expression in the muscular layer throughout the colon. (K-O) FGFR2 is expressed in both mesenchyme and epithelium at all stages. At E18.5, FGFR2 staining is mainly expressed in the epithelium, the muscular layer and the serosa of the entire colon (inset in K). WM-ISH with a specific probe for Fgfr2b on E12.5 wild type GI tract shows a staining in the epithelium. 
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311 (Fgf10 +/+ , 3.8 ± 1.7%; Fgf10 +/− , 21 ± 15.5%; Fgf10 −/− , 54.5 ± 312 6.4%; n = 2 for each genotype). Overall, our data indicate that 313 FGF10 is required, in a dose-dependent manner, for the survival 314 and proliferation of the intestinal epithelial progenitor cells of 315 the embryonic colon. We propose that the low proliferation and 316 high cell death rates in absence of FGF10 lead to a loss of distal 317 colonic epithelium and consequently to the colonic atresia 318 observed in the Fgf10 null embryos. LacZ/− embryo at E18.5. These 329 are stained with X-gal to reveal the Fgf10 expression domain. 330 In order to quantify the extent of colon left in mutant and wild 331 type gut at E18.5, we measured the length of the colon in mutant 332 embryos from the cecum to the site of atresia and compared this 333 length to the length of the colon in wild type embryos measured 334 from the cecum to the rectum (n = 4 for each genotype). (Fig. 5K) . At E18.5, the wild type colon 362 exhibits well-formed crypts in the proximal region (Fig. 5N) as 363 well as the mid region (Fig. 5Q) . At this stage, the Fgf10
LacZ/− 364 colon shows defined but shortened crypts in the proximal region 365 (Fig. 5O ) while the mid region exhibits an enlarged lumen with 366 rudimentary crypts and meconium accumulating in the lumen 367 (Fig. 5R) . The proximal region of the Fgf10 −/− colon also 368 displays shortened crypts (Fig. 5P) . We conclude that FGF10 is 
421 functional domains starts very early during development. 422 Fgf10, expressed in most of the developing colon, plays a 423 pivotal role in both survival and proliferation of intestinal 424 epithelial progenitor cells, activities essential for crypt forma-425 tion. In addition, using Fgf10 hypomorphic mice, we 426 demonstrate for the first time that reduced levels of Fgf10 are 427 sufficient for the differentiation of the colonic epithelium and 428 mesenchyme. shown to be expressed in the embryonic GI tract (Theodosiou 482 and Tabin, 2003 ). In addition, the Wnt signaling pathway LacZ/− colon, the expression of these genes is not affected by low levels of Fgf10. IF staining of E18.5 wild type and Fgf10
LacZ/− colonic sections for α-SMA (G, H) and desmin (I, J). Low levels of Fgf10 do not affect the expression of α-SMA and desmin. c, cecum. Angeles.
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